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.1 

Refractory Installation Method And Apparatus . 

Field of the invention 

[0001 ] The present invention relates to installadon systems and devices for applying and 
forming settable slurries such as refractory lioings, insulation, concrete, cem^t and similar 
products. 

Background Of The Invention 

[0002] Conventional methods of application of refractory linings to frunace walls by 
guimiag techniques result in a relatively large amount of product which contacts the target area 
and rebounds therefrom. This rebounded refractory material or slurry can deposit itself into the 
recently sprayed portion or onto the fomace floor. This rebound can comprise up to 10% to 15% 
of the effective or useful product actually sprayed onto the fiunace surface. This 10% to 1 5% 
represents a relatively large amount of wastage and at the cost of is valuable and dius desirable. 

Summary Of The Invention 

[0003] The present invention provides a sluny spraying or installation system including a 
gun means, a spray nozzle and a conduit connecting said gun means to said spray nozzle, said 
gun.;means including a pump means to move dry particulate towards said nozzle along said 
conduit , wherein between said gun means and said nozzle is a mixing device which receives 
said dry particulate and mixes same with liquid under a greater pressure than the pressure that 
said dry particulate is under, so as to form a liquid and dry particulate mixture; said mixture 
being fed to said nozzle for dispensing to a target 

[0004] The mixing device can include an expansion chamber havipg a diverging passage 
which diverges m the dfrection of flow of said dry particulate. 

[OOOS] The mixing device can include, downstream of said divergmg passage, a transition 
passage which has a substantially constant cross section. 

[0006] At least one of said diverging passage or said transition passage, or at a location 
between these passages, there can be mcluded a liquid inlet . 

[0007] The liquid inlet can inchide a liquid inlet nozzle which projects liquid from said 
nozzle at an angle to the direction of flow of said dry particulate through said mixing device. The 
liquid inlet nozzle can be at an angle of between 40^ and 80° from the direction of flow. 
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[0008] The nozzle can be aligned so that a central longitudinal axis thereof mtersects a 
cenfaral longitudinal axis of said mixing device. Alternatively the nozzle can be aligned so that a 
central longitudinal axis thereof is skewed relative to a c^tral longitudinial axis of said mixing 
device, 

[0009] The mixing device can include a converging passage downstream of said transition 
passage. 

[001 0] Preferably the inlet to the divergmg passage has is of a larger cross sectional area 
than the cross sectional area of the end of the conduit delivering said dry particulate from said 
gun means to said mixing device. 

[001 1] The inlet to the diverging passage can have a diameter in the range from 5% to 
200% larger than Ifae internal dimeter of the conduit delivering dry particulate to said diverging 
passage. Preferably, the conduit has an internal diameter of approxnnately 38n3m and said inlet 
' diameter of said diverging passage is in the range of 40 to 6Qiiam and possibly up to 80mm. 

[00 1 2] Preferably, the inside diameter of said diverging passage at the end of said passage 
is of the order of 55 mm to 80 mm. A preferred set of dimensions include: the inlet is 50mm and 
the end of die passage expands out to 65nam for a 38mm inside diameter conduit delivering dry 
particulate to said diverging passage. 

[001 3] The diverging passage can be of a length which varies from 1 50 to 900mm. 

[001 4] The transition passage can have the same cross sectional area or internal diameter 
as the outlet end of the diverging passage. Preferably, the transition passage extends for a 
distance of between 100 and 300mm, 

[001 5] The converging passage can terminate in an outlet passage of substantially constant 
cross section. The outlet can have a cross sectional area which is approximately equal to the 
cross sectional area of the passage in a conduit to be connected to said outlet The outlet can have 
an internal diameter which is approximately equal to the internal diameter of a conduit to be 
connected to said outlet 

[001 6] The converging passage can vary between of the ordo: of 60mm to 80mm at its 
larger diameter and tapers down to 38mm on its outlet diameter The length of the taper can vary 

* • 

between 350n3m and ISOOnmi. The length of taper or converging can be of the order of 600iran 
to 800mm but most preferably around 720mm. 
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[001 7] The diverging portion can end in an outlet passage which is of substantially 
constant cross section which can extend for between 80nun and 200nim and more preferably 
120nini. 

[001 8] The liquid inlet can be a liquid ring,, however, most preferably, for the purposes of 
refractory and or concrete systems the liquid inlet is a nozzle. The nozzles preferred are those 
manufactured by Spray Systems Company Pty Ltd, as detailed below. 

[001 9] In respect of a system whereby the gun means the nozzle during use and the mixing 
device are within a height differential of between up to 1 metre to 2 metres of each other, the 
mixing device is to be located along a conduit length of no more than 90 metres from the nozzle. 
The mixing device can be in the range of S m to 1 S m from the gun means. Illustrated m figure 
10 is a schematic showing the expected height and conduit length limitations. These Imiitations 
will be described in more detail below. 

■ • 

[0020] • The gun means preferably applies a pressure of between 1 OOkPa and 600kPa to the 
dry particulate. 

[002 1 ] The liquid inlet to the mixing device can have its own supply and pressure source. 

[0022] The pressure source can supply liquid to the Uquid inlet at approximately 1 OOOkpa. 
Alternatively, the pressure source can supply enough pressure to provide a pressure differential 
between the liquid inlet pressure and the dry particulate pressure of the prder of 200kpa to . 
900kpa. 

[0023] Preferably the liquid inlet nozzle propels Uquid in a spray stream, wherein the range 

of spray angle for the jet enaitted therefrom is of the order of 70*^ to 120° with a flow rate of 

* » 

between 1 US gallon per minute to 4 US gallons per minute. 

[0024] Preferably the system develops a pressure of the order of 1 OOkPa to 200kPa, when 
measured at approximately 1 metre to 2 metres back from the nozzle. 

[0023] Preferably said system includes the ability to add liquid to said slurry at said nozzle 
prior to ejection or emission from said nozzle. 

[0026] Present invention also provides a mixing device to preform a settable sluny, said 
device including an inlet having a larger internal cross sectional area than a hose cormected to 
said device to deliver to said device a dry particulate under pressure to be preformed into said 
slurry, a diverging passage extending from said inlet and a transition passage located 
downstream of said diverging passage, said transition passage having a substantially constant 
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cross section, and a liquid inlet being located in one said diverging passage or said transition 
passage. 

t0027] The mixing device can be fomed from liners which respectively include the 
diverging transition and converging passages. 

[0028] The inlet end of the diverging paissage has a flange to allow said inlet end to 
connect to a hose by a coupling device. 

[0029] The device can include an a converging passage whereby the outlet end of the 
converging passage has a flange to aUow connection to a conduit by a coupUng device. 

[00301 The liners can be manufactured from a polymeric material. The liners can be 
mounted wiftin a generaUy cylindrical jacket and compressed into communication with each 
other to carry said mixture. The liners can be manufactured from metals such as stainless steel, 
inild steel, brass, or polymeric materials such as urethane, nylon and others. 

[003 1] The mixing device can inchide one or more of the features described above which 
axe attributable to a mixing device as described in paragraphs [0004] to [0025] above 
Brief description of the Drawings 

[0032] An embodiment of the present mvention, will now be described by way of exampU 
only, with reference to the accompanying drawings in vAach: 

[0033] Figure 1 is a schematic of the components of an installation system embodying the 
invention for the plication of refractories by a gunning method; 

[0034] Figure 2 illustrates, a diverging passage liner and casing j 
[0035] Figure 3 illustrates a transition passage Imer and casing; 

■ 

[0036] Figure 4 illustrates a converging passage liner and casing 

[0037] Figure 5 illustrates the casings of Figures 2 to 4 assembled into a mixing device; 

[0038] Figure 6 illustrates a pump flow schematic diagram and 

[0039] Figure 7 iUustrates a mixing device similar to that of figure 5 with additional 
components; 

[0040] Figure 8 illustrates anoflier view of the divergiiig passage casmg widi a nozzle 
therein; 

[0041] Figure 9 Ulustrates a view of the transition passage casing of figure 3 with a nozzle 
associated therewith; 



[0042] Figure 1 0 illustrates a schematic showing the height and conduit length limitations 
on the system; 

[0043] Figures 1 1, 1 2 and 1 3 are the specifications for the no2zles BH1/4W-SS8003, 
BH1/4W-SS1 1003 and BH1/4W-SS1100I5 respectively; and 
Detailed Description Of The Drawing3 

[0044] Illustrated in Figurte 1 is a refractory installation system 10 for spraying a refractory 
liner sluny onto a furnace wall or components. The system 10 includes a gun devi<» 12 such as 
the LOVA™ brand of gun manufectured by REED® having some 20 or 2 1 pockets or the 
SOVA"™ brand of gun, also manufactured by REED® having an 16 pocket feed wheel, however 
oyer other rotary guns are suitable. 

[0045] Thegun 12 has a gun hopper 1 4 intowhich a dry particulate material which will 
fonn the slurry can be fed. In the following description the dry particulate material wiU be for 
use as a refractory lining, but it will be appreciated that other diy particulate sudi as cement or 
other appropriate material can be used. 

[D046] The dry particuhrte material is fed by the gun 12 into a feed conduit 1 6 so as to be 
delivered to a preform mixer 20 where the dry particulate is mixed with a Uquid fiom a pump 22. 
The liquid can include such things as water, aqueous solutions such as those including a 
surfactant or colloidal silica solutions or a solution havmg a setting accelerator for the shmy.. 
TTie pump 22 delivers the liquid under pressure to the preform mixer 20 so as to form a "slurry 
preform", which may also be described as a product preform. At this stage, theproduct preform 
cannot be described as a "slurry»/,er as there is in the product preform more dry particulate 
than liquid. 

■ 

[0047] The product preform being a mixture of the liquid and dry particulate, allows the 
• product preform to begin the setting process. However, the final liquid content of the slurry to be 
ejected from the nozzle 17 is achieved or determined by the amount of water or other.Uquid 
added to the product preform at the nozzle 17. 

[0048] Thus the product prefomi mixture exits the mixing device 20 where it progresses 

along a second feed conduit 1 8 to a standard delivery nozzle 1 7. At die nozzle 1 7, if a wet shirry 

is being pumped and ejected from the system 10, there is added water from a mains water supply 

1 9 (or water or other liquid can be added from a pmnp) which would be ordmarily used to add 

the final amount of liquid to form die slurry, so Uiat it is completely fonned as it exits the nozzle 
17. 



[0049] niustrated in Figured 2 to 4 are the components of the prefom mixer 20 which are 
also shown as an assembly in Figure 5. TTie prefonn mixer 20 is made up of an inlet segment 
20. 1, which can be broadly described as having an expansion chamber therein; a central 
transition segment 20.2 which has a settling chamber therein; and an outlet segment 20.3 which 
can be broadly described as having a compression chamber therein. He inlet segment 20. 1 is 
made fiom a liner 20.3 1 and a casing 20.30; the transition segment 20.2 is made from a liner 
20.34 and a casing 20.35; and the outlet segment 20.3 is made fix)m a liner 20.33 and a casing 
20.36, as will be described in more detail below. 

[0050]^ ^«^^«^««°fi«n»Fi&>re2,casing20.30oftheinletsegment20.I hasastandard 
REED* brand threaded hose end 20.4, so that a standard 38 mm inside diameter hose, which 
makes up the feed conduit 16 from the gun to the prefonned mixer 20. can be comiected to the 
inlet segment 20.1. 

[0051] Itwillbenotedthattheliner20.31 ofinlet segment 20.1 has a divergent passage 
20.5 which fonns the expansion chamber. TTie passage 20.5 starts at the inlet 20.6 with an inside 
diameter of 50mm and diverges or tapers at a generally constant rate to the maximum diameter 
of 65njm at die outlet 20.7. 

[0052] A 50mm inside diameter inlet 20.6 is provided to ensure that the flow of dry 
particulate into the inlet 20.6 slows down by the increase in cross sectional area from the hose to 
the inlet segment 20. 1. 

[0053] Near to the downstream end of &e mlet segment 20. 1 is an inlet nozzle 20.8 which 
passes through both the casing 2030 and the liner 20 J 1. ITxe nozzle 20.8 is mounted in a 
housmg which is welded or otherwise joined to the casing 2030. As can be seen in Figure 5 the 
nozzle mounting and thus the nozzle 20.8 makes an angle of approximately 75° to the 
longitudinal axis of the preform mixer 20 ( or the direction of flow through the mixer 20). The 
nozzle 20.8 allows a liquid (such as water) to be injected under pressure into the dry particulate 
flow stream passing through the diverging passage 20.5. 

[0054] The outlet or downstream end of the casing 20.30 includes a flange 20.9 which will 
allow the inlet segment 20. 1 to be bolted to the ttmisitional segment 20.2 by a similarly shaped 
flange 20.10 on the casing 2035. 

[0055] Whiletheinsidediameter20.6oftheliner2031 is 50mm and is for use with 
««pect to a 38mm hose, this inside diameter 20.6 could be of a magnitude which ranges fixm. 
about 40mm (approximately 5% greater than the hose inside cross sectional area) up to ' 
approximately 80mm. Even though an mcrease in the cross sectional area, being indicated in the 




inaease from diameter 38mm of flie conduit 16 up to an 80mm inside diameter for the i^et, 
would seem like a large increase, such a large increase will have little efifeot on the slowing 
down of the flow as secondary flows and cyclonic currents will form effectively reducing the 
diameter from 80mm to a smaller dimension. The length of the inlet segment 20. 1 is 
approximately 350mm. 

[0056] It wiD be noted from Figure 3 that the transition segment 20.2 has its liner 20.34 
comprised of a cylindrical passage 20.1 1 passing through it lUe passage 20.1 1 is substantially 
constant in cross section, the transitional segment 202 is of a length of approximately 150mm 

[0057] Ths transition segment 20.2 temiinates in a bolting flange 20. 12 which allows for 
connection to the bolting flange 20.13 of the ouflet segment 20.3. 

[0058] . Ordinarily, between the flanges 20.13 and 20.12 or 20.10 and 20.9 an annular 
gasket or 0-ring seal would be provided. However as the liners 20.31, 20.34 and 20J3 are 
manufactured from urethane or other ^ropriate polymeric material, once flie flanges 20. 1 3, 
20.12, 20.10 and 20.9 have been respectively bolted together, there the compressive forces on the 
r«?«ctive ends of the linei^ fonn an effective seal, obviating the need for gasket or other sealing 
materials. However, if the liners were manu&ctured from.meH such seals or sealing 
compounds may be required. 

[0059] • m ouUet s^ent 20.3, as illustrated in Figure 4 has a liner 20.33 which has a 
compression chamber therein fomied by a converging passage 20.16 which tapers from an mlet 
20.17 having an inside diameter of 65imn to a minimum of 38mm at the outlet 20.18. 
[0060] It wiU be noted that the liner 20.33 and outlet segment 20.3 has a substantiaUy 
constant cross section outlet passage 20.19 which proceeds to the temmius of the ouflet segment 
20.3. ^ . 

■ 

[0061] • TTxe ouflet segment 20.3 has its casing 20.36 terminating in a REED® brand 
mounting flange 20.20 for com^ecting, by means of a quick coupUng system,to flxe feed conduit 
18 of Figure 1. 

[0062] Tl«a>icknessoftiieliners,suchasflieliner20.31variesfromamaximumat20J2 

in flie region of 20.33 of approximately 10 to ' 

12mm. 

[0063] Th" outer cylindrical or tubular steel casings 20.30. 20.35 and 20.36, help to 
provide strength to flie liners which inight be manufactured from such materials as urefliane 
nylon or other appropriate polymeric mateial. The liner could also be manufactured fiom brass 



8 

or from steel or the whole inlet segment 20.1, transition segment 20.2 and outlet segment 20.3 
manufactured from a single piece of metal. 

[0064] nie outiet passage 20.19, which is of constant cross section, on the outlet segment 
20.3 extends for approximately 120mm. Whereas the tapered nature of the passage 20.16 is such 
that the taper occurs over a distance of approximately 720mm. 

[0065] Whilst a dimension of 720mm is indicated as the length of the taper for the 
compression chamber formed by the passage 20.16. this length could vary from 350mm to 
1500mm, depending on the ^plication and sluny being.installed. 

[0066] Smularly the expansion chamber foimed by the passage 20.5 has its length 
indicated as being approximately 350mm, however this could vary between 200 mm and 600 
mm depending on ibe applicadon. 

[0067] The interaction of the flow of a Uquid fix)m the injection nozzle 20.8 and the flow 
of dry particulates passing through the divetgmg passage 20.5, is such that near to the end of the 
diverging passage 20.5 and in the passage 20.1 1 there are formed vortices or cyclones which aid 
in the mixing of the a liquid from the nozzle 20.8 widi the dry particulates being forced through 
die mixing device 20 under pressure. 

[0068] The nozzle 20.8 as mentioned in Figure 1 receives a Uquid at a high pressure from 
the pump 22. The nozzle 20.8 is preferably of a type manufectured by Spray Systems Company 
Pty Ltd of Australia and they have three nozzles which are suitable for a variety of applications. 
Thus die following nozzles have been found to be usefiil in the foUowing applications: 

[0069] BH1/4W-SS11003. TTris nozzle operated at 3 US gallons per minute with a spray 
angle of approximately 110" bofli at an operating pressure of 40 psi. This nozzle is suitable for 
low cement, standard high, gun materials; 

[0070] BHl/4W-SSn0015 operated at 1.5 US gaUons per minute with a spray angle of 
110« bofli at an operating, pressure of 40 psi and is suitable for conventional gun materials. 

[0071] BH1/4W-SS8003 has an 80« cone angle from the nozzle with a 3/US gallon per 
minute both measured at a flow rate of 40 psi. Flow rate tiuough this nozzle was suitable for 
siUcon caiWde and any gun mixes needing more material control. 

[0072] The specifications for diese nozzles are included as figures 1 1, 12 and 13 of die 
attached drawings. 



[0073] Whilst the above-described nozzle 20.8 passes through the casing 20.30 and is ' 
directed towards the centre line through the passage 20.5 and this does provide sufficient 
cyclonical vortex mixing to occur, if desired the axial direction of the nozzle 20.8 and its 
mounting airangement, can be skewed relative to the central axis of the passage 20.5 to possibly 
provide a greater amount of vortex or cyclonic motion and thus possibly better mixing. 
[0074] Illustrated in Figure 6. the pump 22, which is generally designated as such in figure 
1, has a tank 22. 1 which can be mounted on a support fiame (not illustrated), which provides 
liquid to be passed into the actual pumping unit which is a displacement pump 22.3. At the 
bottom of the tNc 20 is a Uquid outlet 22.4 which is comiected by a conduit 22.5 to the mlet 22.6 
ofthe pump 22.3. 

[0075] 'rhepump22.3isonastand22.7.Toenabletraiispcrtationofthepmnpunit22.a 
drain valve 22.9 is provided with a manually operated valve member 22.10 so that the tank cin 
be emptied as desired, 

• ■ 

[0076] A liquid filter 22. 1 1 is also provided in the line 22.5 so that Uquid from the tank 
22.1 can be filtered prior to entry at the inlet 22.6 ofthe pump 22 J. 

■ 

[0077] The pump 22 also includes a pressure tank 22.20 on an outlet line 22.21 which also 
include a pressure switch 22.22 and a pressure gauge 22.23. An air poppet valve 22.24 and a 
check valve 22.25 can also be provided on the outiet Une 22.21 which directs the Uquid under 
pressure to the nozzle 20.8 of Figures 2 and 5. 

[0078] The air poppet valve 22.24 is connected with the gun 12 so that when the operator 
of the gun 12 starts to provide dry particulate utider pressure mto die conduit 16. the air poppet 
valve 22.24 by virtue of the increase pressure in the Une 22.25 connecting the poppet valve to the 
gun 12, will cause the poppet valve to open thus aUowing liquid to now flow along conduit 22 2 1 
to the prefonn mixer 20 and out of nozzje 20.8. With the system 1 0. the nozzle operator worics 
together with the gun operator to control the flow through the system. 

[0079] niustrated in Figure 7 is a preform mixing system 220 which has an inlet segment 
20. 1. transition segment 20. 1 and outlet segmait 20.3 which are the same as the corresponding 
umts on the mixer 20 of Figures 2 to 5. However, in addition to these the mixing unit 220 also ' 
mcludes a pelletismg chamber 220. 1 and a second compression chamber 220.2 of approximately 
100mm and SOOinm respectively in length. TTie pelletising chamber can be usefid in some 
circumstances so as to ensure complete mixing for harder to mix products such as concrete and 
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[0080] niustrated in Figure 8 is the expansion chamber of the inlet segment 20.1 showing 
the nozzle 20,8 and the spread of the spray jet coverage from that nozzle 20.8 whereby the angle 
a represents an angle of the spray from the nozzle 20.8 of between 80° and lOO*'. 

[0081 ] Illustrated in Figure 9 is the transition segment 20.2 which can, as an alternative, 
include the nozzle 20.8 therein, This has been found to be effective but not as effective as when 
the nozzle 20.8 is mounted near the end of the expansion chamber. As the rate of flow of the dry 
particulate at the end of the expansion chamber is approximately the same as that in the 
transition segment 20.2, the end of the expansion chamber is the first opportunity to inject the 
liquid spray with the dry particulate travelling at its slowest. 

[0082] The liners 20.33, 20.3 1 and 20.34 can be made from urethane or approximately 90 
dent or any appropriate material - rubber, nylon, other synthetic materials could also be expected 
to be satisfactory but at this time have not been tried. 

[0083] The pump 22 operates at proximately 1000 kPa whilst the feed gun 12 might 
operate between a minimum pressure of around 1 00 kPa (such as for light weight dry particulates 
such as insulation compounds) and a maximum.pres$ure of around 600 kPa (such as for heavy or 
dense castables). It is the differential in pressure between these two units which allo>ys for tiie 
liquid ejected from the nozzle 20.8 to enter into the stream of the dry particulate material from 
the feed gun 12. 

[0084] As is illustrated m figure 10, there are some height and distance limitations to the 
above described system, based on a feed hose diameter of 38mm and a mixing device 20 for use 
there witii. 

[0085] In the table below is a summary of the expected limitations: 



Location of Gun, Mixer, Nozzle 
(Height in metres) 


Distance from Gun to Mixer 
(Conduit distance in metres) 


Distance from Mixer to Nozzle 
(Conduit distance in metres) 


All at same level (to within 1 
to 2 metres) 


90 


20 to 40 


Mixer 10 metres above Gun 


30 


20to40 . 


Mixer 20 metres above Gun 


30 


20 



[0086] It is desirable to ensure that the minimum distance from the mixing device 20 to the 
nozzle 17 is, in most applications, no less than 20 metres. This distance allows dwell tune of the 
product preform to be at its most desirable. Likewise, a distance greater than 40 metres may 
make the dwell time too great. These dimensions are of course dependent upon whether setting 

accelerators or inhibitors are utilised. 



if*'.*-*.! ^. J. „■ - , , 
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[0087] While the above description and mixing device 20 is exemplified relative to 38inm 
diameter feed hoses, the mixing device 20 having the dimensions discussed above wiU be 
suitable for 20mm and 32mm standard size hoses as well. However, to increase to a standard size 
hose of 50mm, 55mm or 65mm, a mixing device 20 having generaUy larger dimensions will be 
required for effective operation thereofc 

[0088] It wUl be understood that the invention disclosed and defined herein extends to all 
alternative combinations of two or more of the individual features mentioned or evident from the 
text All of these different combinations constitute various alternative aspects of the invention. 
[0089] The foregoing describes embodiments of the present mvention and modifications, 
obvious to those skilled in the art can be made thereto, without departing from the scope of the' 
preseat invention. 

Dated this 5* Day of April 2004 
Shinagawa Refractories Australasia Pty Ltd 

By its patent attorneys 
Halford&Co 
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CLAIMS: 

1. A slurry spraying or installation system including a gun means, a spray nozzle and a conduit 
connecting said gun means to said spray nozzle, said gun means including a pump means to 

move dry particulate towards said nozzle along said conduit , wherein between said gun 

» 

means and said nozzle is a mixing device which receives said dry particulate and mixes same 
with liquid under a greater pressure than the pressure that said dry particulate is under, so as 
to form a liquid and dry particulate mixture; said mixture being fed to said nozzle for 
disp^ing to a target. 

2. A system as claimed in claim 1 , wherein said mixing device includes an expansion chamber 
having a diverging passage which diverges m the direction of flow of said dry particulate. 

3. A system as claimed in claim 2, wherem said mixing device includes, downstream of said 
diverging passage, a transition passage which has a substantially constant cross section. 

4. A system as claimed in claim 3, wherein at least one of said diverging passage or said 
transition passage, or between these passages, there is mcluded a liquid inlet . 

5» A system as claimed in claim 4, wherein said liquid inlet includes a tiquid inlet nozzle which 
projects liquid at an angle to the direction of flow of said dry particulate through said mixing 
device. 

6» A system as clauned in claim 4, wherein said liquid mlet nozzle can be at an angle of 
between 40"* and 80** from the direction of flow. 

7. A system as claimed in clakn 5 or 6, wherein said nozzle is aligned so that a central 
longitudinal axis thereof intersects a central longitudinal axis of said mixing device. ' 

8. A system as claimed in claim 5 or 6, wherein said nozzle is aligned so that a central 
longitudinal axis thereof is skewed relative to a central longitudinal axis of said mixing 
device. 

9. A system as clauned in any one ofthe preceding claiins where said mixing device includes a 
converging passage downstream of said transition passage. 

10. A system as claimed m any one of the preceding claims, wherein an inlet to the diverging 
passage is of a larger cross sectional area than the cross sectional area ofthe end of a conduit 
delivering said dry particulate from said gun means to said mixing device. 
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H. A system as claimed in any one of claims 1 to 10, wherein said inlet to the diverging passage 
has a diameter in the range fiom 5% to 200% larger than the internal diameter of a conduit 
delivering diy particulate to said diverging passage. 

12. A system as claimed in claim 10 or 1 1, wherein said conduit has an internal diameter of 
approximately 38mm and said inlet diameter of said diverging passage is in the range of 40 
to 60mm and possibly up to 80mm. 

13. A system as claimed in any one of the preceding claims, wherein the inside diameter of said 
diverging passage at the end of said passage is of the order of 55 mm to 80 mm. 

14. A system as claimed in any one of the preceding claims, wherein a preferred set of 
dimensions for the diverging passage includes: the inlet is 50mm and the end of &e passage 
expands out to 65mm for a 38mm inside diameter conduit delivering dry particulate to said • 
diverging passage. 

15. A system as claimed in any one of the preceding claims, wherein said diverging passage can 
be of a length which varies from 150mm to 900mm. 

16. A system as claimed in any one of the preceding claims, , wherem said transition passage can 
have the same cross sectional area or internal diameter as the outlet end of the diverging 
passage. 

17. A system as claimed in claim 1 6, wherem said transition passage extends for a distance of 
between lOQmm and 300mm. 

18. A system as claimed in any one of the preceding claims, wherein said converging passage 
terminates in an outlet passage of substantiaUy constant cross section. 

19. A system as claimed in claim 1 8, wherein said outlet has a cross sectional area which is 
approximately equal to the cross sectioiial area of the passage in a conduit to be comiected to 
said outlet 

20. A system as claimed in claim 1 8 or 19. wherein said converging passage has its largest 
diameter in the oider of 60mm to 80mm and it tapers down to 38mm at its outlet diameter. 

21. A system as claimed in claim 20. wherein the length of the taper can vary between 350mm 
and 1 500mm, but preferably between 600mm to 800mm and most preferably around 720mm. 

22. A system as claimed in claim 18. wherein said outlet passage which is of substantially 
constant cross section can extend for between 80mm and 200ihm and more preferably 
120nim. 
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23» A system as claimed in any one of the preceding claims, wherein the liquid inlet can be a 
liquid ring. 

• • • 

24. A system as claimed in any one of the preceding claims, ^herein when the gun means, the 
nozzle during use, and the mixing device are within a height differential of between up to 1 
metre to 2 metres of each other, the mixing device is located along a conduit length of no 
more than 90 metres firom the nozzle. 

I 

25. A system as claimed in any one of the preceding claims, wherein said mixing device is in the 
range of 5 m to 1 5 m of conduit length from the gun means. 

26. A system as claimed in any one of the preceding claims, wherein said gun means preferably 
applies a pressure of between lOOkpa and 600kpa to the dry particulate. 

27. A system as claimed in any one of the preceding claims, wherein said Uquid inlet to the 
mixing device has its own supply and pressure source. 

28. A system as claimed in claim 27, wherein said pressure source can supply liquid to the liquid 
inlet at approximately 1 OOOkpa. 

• ft 

29. A system as claimed in claim 27, wherein the pressure source can supply enough pressure to 
provide a pressure differential between the liquid inlet pressure and the dry particulate 
pressure of the order of 200kpa to 900kpa. 

30. A system as claimed in any one of the preceding claims, wherein the liquid inlet nozzle 
propels liquid in a spray having a spray angle in the order of 70"* to 1 20° with a flow rate of 
between 1 US gallon per minute to 4 US gallons per minute: 

31. A system as claimed in any one of the preceding claims, wherein the system develops a • 
pressure of the order of lOOkPa to 200kPa, when measured in the conduit feeding the nozzle, 

ft 

at a location approximately 1 metre to 2 metres back from the nozzle. 

32. A system as claimed in any one of the preceding claims, wherein said system includes the 
ability to add liquid to the preform slurry at said nozzle prior to ejection or emission from 
said nozzle. 

33. A mixing device to preform a settable slurry, said device including an inlet having a larger 
internal cross sectional area than a hose comiected to said device to deliver to said device a 
dry particulate under pressure to be preformed into said slurry, a diverging passage extending 
from said inlet and a transition passage located downstream of said diverging passage, said 
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transition passage having a substantially constant cross section, and a liquid inlet being 
located in one said diverging passage or said transition passage. 

« * 

34. A mixing device as claimed in claim 33, wherein said mixing device is formed from liners 
which respectively include the diverging transition and converging passages. 

35. A mixing device as claimed in any one of claims 33 or 34, wherein said inlet end of the 
diverging passage has a flange to allow said inlet end to connect to a hose by a coupling 
device. 

36. A mixing device as claimed in any one of claims 33 to 35, wherdii there is included a 
converging passage whereby the outlet end of tfie converging passage has a flange to allow 
connection to a conduit by a coupling device. 

37. A mixing device as claimed in any one of claims 33 to 36, including one or more of the 
features described above which are attributable to a mixing device as described in claims 1 to 
32. 
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